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NASA Glenn Research Center is developing advanced seals to meet the demands of next
generation aircraft and rocket propulsion systems. Dr. Steinetz will summarize NASA
Glenn’s efforts of developing seals that can operate from ambient through rocket exhaust
temperatures (>2000°F) without cooling and summarize the extensive test capability used
to qualify seal performances under these extreme conditions. NASA programs benefiting
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futuristic reusable launch vehicles. Though the seal technology is being developed for
NASA and military programs, there are many commercial and industrial spin-off
applications.
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MNASA Glenn Vision

The NASA Glenn Research Center defines and develops advanced
tachnotagy for high priodly nationst nesds. ‘

The work of the Cender is direciad toward naw propulsion, power, and
sommunications fechnoiogies for application o seronautics and space,
0 that U.S. lesdership ih these aress is ensurad.
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Revolbstionary Vehicles -

Multiple Paths Common Technology grenis: ncrs cefiout poiet se)
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- Background

a3

« Wy are advanced Seals imporiant o NASA's Mission?

- Turbomachinery seals under development

~ Shek Seals Brush, Fingsr, Aspirating, Comgpliant Foil Seals
- HBade Tip Sesls: Active cleswnse cordegl
- Adverced Tesl Facities and Capabilities

- Shrucherst Sesls under development
- Ceramic Waler Segd
~ Bralded Seals: Ceramic, Hybrid
— Krétted Spring Tube {Shudte derved)
-~ Carbon thawnal barvers
- Advanced Test Faclities and Capabiiities

-« SumETEEY
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Brush Seals: Overview
- Prior &5 Labyrinth Seat
- Uesign Attributes:

15 the leakage of labyrinth sesd

Thin seal construction packages wall in
srral desion envelope

Pressure closing offect urges bristies

sovwmrd shaft brgwovinyg seal ofoctiveness

Flanible bristles gccomwrndats shel
ovemerds

Cormmercially avaliable fom several
vonders {Pedin-Elrey, Cross Ligg,
Techmetics)

- Design Considerstions:

Lost s approximeiely equt b Inbyringh

saals. Cost for asrospace grade 8.5 dia.

seal = $oox sach

irrproperly designed tedersncs can leex

o shaft hesting ardd possible negative
SONSHPISTTES .
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Brush Ssal: Detall

«  Applcsiions
Alcrafl engines, ground basss hbines,
pEed

= LesRage

Fhre Modelng rderence (BAEME Raf
slyle, miher. vear)

- Typlost Materiale

Haynes 25 Brieties {Cobalt based)
inconel 718, 625 check Front plste .
backing plidte. Weidsd o saction.
Kk Flaubdroed cover
Aprompmce Appiioation
v Shel generlly costed with had °
faom coniingleg. Civome Carbide)
Groured bese wrbinegs:
» Bref generally unoosied (hicker
sheft walls, less issue with wesr
induned crecks)

Bese: Hevmach Deuer

St AU AU

Ak Say Prolograph

Media Begled
A, sisarr, fvdied date for OF

- Prosswe Rangs: 100 pel 4400 pel)
~ Gas Tewpersbae & 1200 F (18005
-~ Burface speeds: 1200 fps (3800 fps)

Opureiing Condhiions Cument (Fulurs)
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Fingesr Baaf Design
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- Prior At Lebyrinth Seal !
-+ Deslgn Aributes: Segl

- Design Considersfions:

»  Refererce; Arora, G.K: Practor, 3.9
Stelnstz, B M. Delgade, LR, 1988, ~ Pressure i
Salanced, Low Hysterssis, Finger Ssal Tagt
Resfis” MASA TH-1880.208181, AlAA 85
2888,
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Finger elewnais —
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Brushifinger Seal Design Considerations

i gt H

Heshanical:

»  Pragsure Capabilty

> Freguency

»  Besl Leskags

«  Besl blow-down {e.g. pressure closing)

- Bristie ip forces and pressure stifferding effact
< Rotor dynamics

< Histal faligus: HOF and LCF

- Reverss rofafion

i Thermal:

i+ Seal hest peneration e, for Mgh jemp. 2pplications)
= Frichion induced heating of flow passing thyough seal

< Bristle Y temperature

«  Rotor hermal slabifity

»  Secondary fow and cavily fow

e
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Brushifinger Seal Design Considerations {cont’d)
g SR AN

Maotorisis/Life:
- {idation
- Creep
- Tribologics performanca:
- Friction
-~ Horsepowsr consumed
— Wear {rotor and seal)
- Solid particle erosion
- Seal upstream profecton
- Owergll ife and replacement intenval

Chenn Ressarsh Coder ¥
o a o n st i
< Prior 5% Labyrinth Seal
- Dagign Attribates: Seal
~ Lonkage <15 binrkdh seal
- Uparstes withms contest under sovers condiisas: o ot 9
- 0w TR ’ . %mag@
» —U2FHLE seo U maneuvsr logrds
- {0.08 defiect
- Decresss SFC by 1.88% oy fhres locetions
> Design Considerstions:
«  Reference: Tumaguaist, NA; Tseng, TW,
Mohickie, AD; Steinetz, B34, 1888, "Full
Scale Testing of an Aspirating Face Seal with
Angular Misalignmend,” AlAA-85-2882.
Chaos Bawerenk Ueaigr 1%
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Aspirating Seal Devslopment: GES0 Demo Program
’Fwé@sﬁ VEET Seuf Development Program
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- Design Considerations:
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Why HPT Tip Clearance?
S e it R ‘_
Specific Fuel ConsumplioniFuel Bum |
= 004040 tp clearance is worth ~ 1% SFC
*  Less fusd burn, reduces emissions

| Serviee it
i+ Deterdorstion of exhaust ges tempersture (EGT) margin is the primary reason
: for sirera® engine removal from service. !
[+ Q040N Sp clesrance is worth ~10 °C EGT. '
»  Allows bubine to nus & lower temperslures, inoreasing oycle ife of hot section

and engine TOW (= 1000 cyolas).

«  Hairdenance costs for overhaids can sasily excesd 3154,

HPY Reaps the Most Benell Dus to 800 i

= improved fip clearsnces i the HPT resulted in LCC reductions $0LFT and
ZxEHPC. {Kaweckd, 1978}

. Active Clearance Control Technology
| Promotes High Efficlency and Long Life
i B ~ : iR
= . Engine ¥
ih@amig “ Engine withowt — clearances confrol
TOMBRIENIE & Ciearance control tachnology
EGT) sechnology. Long servive e
il Shostsr servios e |
EfBciency " ,
g o o o B P
E@T Limi ,
freddine
$hrmits - incressed
/ Time-on-Wing
¥ Time
Degradation of biade Hip clearances cause significent performancs and efficiency
toss that lsads o exceeding EQT bnlt, thus requlring expensive engine servicing
s Reseoests Cenier z2
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Mechanisms of HPT Tip Clearance Yariation
S ETOO00

1. Engine lneds {(centrifugsl, thermal, irdemat engine pressure,
and thrust)

| 2 Flghtioads {inetial, aeradynamic, GYoscopic)

Axisyrumetnic Clegrance Changes Agymanetric Clearsnce Changss
» Serdrifugel, therms!, iemal o Thermal, thrust, inedizl, end
pressure loads et creste uniform asradynamic loads that oreale

radial displacement roneuritorm radiel displacement
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Axisymmetric Clsarance Qéémgeg Due to Cenbrifugal &
Thermal Loads

R 2
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HPT Blade Tip Clearance Management Co
5

Contred Schames:
1. Active Clearence Control (ACC] -desired clearsnce 2t mullipls operaling points.
Z. Passivz Clearance Contmal (PUC) -desired cleamnoes of one opergling poird.

Categories of Clesrance Managament Concepts
1. Agiive Thermal

2. Active Mechenical
32 Passive Thermal

4 Active Prneumalic
5. Pagsive Prneumalic
&  Regeneration

HPT Blade Tip Clearance Managemsnt Concepts Dont'd
% : RN
Aciive Thermal o 1
N S o compriciar ol
e theimtrgly N
i ; HPE bindio S et \v% Ay
# £ i =
Active Mechanical N
(Covsmeier & Pelsche, 1593} N
P hinde




HPT ACT Reguiremenis
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Enviromsment

imief Rotor Gas Tempersture ?
Shroud Backside Temperature | 12009300 °F
Case Mets! Torpersiure | SROT700°F
! 2 Temporzture Cudside Case | 100300 °F :
Sheoid Backeide Presaure | ~500 st
Shroue 1.0, Pressure | -390 psi
Radisl_P Across Shroud | ~450 pai
l Bamerroh % ‘
i
EEEEEERY
;
! Sensor
Aocuracy | ~0.000n
Resporss | ~Skx
Delris Tolwant | mohre, &, combustion produris
Bervice L¥e S0 000 ot hours
Cn-ing Mshvisnancs aq, Sght chaokou! sensor ceiestion
Falizshs redundancy, vased ooen, s hoalth monlioring
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= A mehinl prossure difference oxists —
aczoss the 3 dus to backside fuch
ceolme (P, afe)

= Whet masiniain 8 positive backilow
margin {puryss fom the wlor inlst s

i3 x wnside the o virkes ey
axiafly dus to fhe work extracted by

» An AU systom et be sblo to
overcime this load as woll sz the
axis pro cistribaii
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ET with reducett desmnos. g
= Liiflze robust aciuelors coupled with
preciss posiioning system.

= Errploy bigh lempershure clearance
sensors {Le., copaciancs, microweva) 7
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Turbine Seals: Advanced Test Rig

%

s Rewwasdy nnter.

MASS GRO High Temperazture Turbine Beal Test Rig

# e i B2 R

Goa: Test ubine senls 21 speeds ant temparsiures snvisionad for naxt generstion
commercial, miltary, and spece auncher (TRBOCRTA) kubine angines.

* Temparature Room Temperafure Swe 1868 °F

- Susface Spesd 1500 fps at 40,455 RPH, 1899 fps
43,140 RPI

- Seal Dizgmeler 5" design; offer near sizes posaibie

= Beal Typa Ak Seals: brush, finges, sbwinth,
i viding viw seal

« Seaf Prossure 100 ol 28 1BEE°F: Current
{Hligher proseures af lower lempaisliures)

» Histor Drtve S0 P {52,000 RPE) Barbowr Stockwell Ay Turblne with
advanced digital contiod for high scowsoyfoontynd

= Financiel Suppord: UEEY, 880, &y Porce, Other

; Tast rig is one-of-a-kind. More capable than any known fest rig In existencs, %




Tongpe-rrater hossing Balance piston bousing

High-Tempersiure, High-Speed Turbine Sesi Rig
R SR EEEE 000
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Test Beal Configuration and Location of
Research Measurements
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Sesl polder — & — Prosimity probe
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B Pl | et * Finiat
> exit ¢ “«
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Senl hackizen] | | seal metal
! ] temperaiyre
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Comparison of Finger Beal and Brush Sssl
Power Loss Data
; - S B VR R
18 ~ Br a sas |
E coa QBSUTE ﬁ gmss 3
B o 1208 °F, increzsing spesd ;
- 1200 °F, decreasing speed & 75 :
(L3 e invreasing spesd Z H
5 -~ BRE °F, decreasing spesd
¢
; Brush sead
| Sesmipower 0~ . 890°F 46 peid
HES, o 820 °F 48 peid
; hp 8 x B80°F 7Spsid 45
i & 1200 °F, 10 paid
; Gl ® 1200 °F, 48 paid
4+
26 s 18
s o ¢ % il ¢ H
: 8 200 404 888 850 1808 1200 1488
; Surface speod, fps
b
} :
A5 Tiion Russrch Srier somandiis

MNASA Glenn High Temparaiure Struciursl Beal Dovelopment
for Bvd Gengration Space Transporiation Programs

....... AR

S

i ® Develop hot (20002586 °F),
| flexible, dynmwic structural
seals for ramiscramist
propuision sysiems
{RBCC, TRBOC, 6TX

REC 2 TR

2 Develop musable m-aeniry vehicls
control surface seals fo prevent
Ingestion of kot OGS °F)
boundary layer fow

Hot, dynamic sesls orifical in
mesting 3rd generalion program
tife, safetly, and cost goals

ey
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= Why is advanced seal development imporiant?
- Segl tachnology revegnized as writical in meeting next generation sero- and
space propudsion snd space vehicls sysiem goals
-~ Largs tachnology gap exisls in Hypersonic Invesiment Amea for bath control
swimee and propulsion sysiem seals:
» No control surface seals have been demonstreted to withstend required

seal temperatuyres (Z000-2500°F) and remain resiliert for multiple
temperatire exposurss while enduring sorubbing over rough sealing
sirfaces

» Mo propulsion system seals have been demonsirated o meet requred
engine lempersiures {(2500+°F), sidewsall distortions, and environmenta!
and cycle conditions.

* HASA GRU Ses! Tesm leading two 3 Congration BLY structurel seal
deveiopment tasks io develop advanced control surfsce and propulsion
sysiem seals

Gozt: Develop long life, high temperature cordrol surface and propulsion
system seals with the aid of approprisie evelustion and analysis methods

RS (e Bevwerch Usyter 38
Feed Tewa

Structural Seal Objectives and Background

= zosl Develop high temperature, long iife,
sorirol and propulsion systen seals with the
aid of appropriste lesifansivels mathods

%
ISTAR Bngine
intet Rewp Seal

- Arsas of Developmat
¥ Propulsion Systens Seals e
= ¥ Generstion Reusable Launch Yahicle {Mggﬁ&@@;&%ﬁ;mﬁm
= ISTAR Engine (RBCS) '
» Control Surface Seals
« ¥ Generation Reusable Launch Yehicle
s K387 Graw Return Vehicle
s X-37 { Space Maneuver Yehicle

o
o

Cortred

Surfere Segls
mreesoroo:
“i B3B8 ORY |
Cansn Heveen Cssmer 40
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Primary Role of High Temperaiure
Siructural Seals:

[ Wlinimize leakage

- Propulsion System Seals:
Praverd unbumsd fuel fom
lmaking s backside cavities

- Cordrol Suwface Seals:
Biock excessive heat flow

biock heat flow

4 > cordoms o complex girframe and
propulsion system geomaliries

-+ mainiain contast with coposing

surfaces under dynamin condifions andg over
many cycles

mawa 73 5&&% mﬂ%’mﬁ%

cpangwin 3

GRE X382 Besl Test Evaluation and Support

i
]
|
J
i

FEACTIE Y

« Examining condrol surfsce sazls for J8C

for X-38 (C.RY. demonsisaion

- Byaiusnted sool flow wmins, compression
levely, and are fot beating resisiance

o Parfowned fumsce sxposure asts on
X-3% sed In compressed siate &t 1880°F
and pro-and post-exposure How tesls:

X838 Controf Burtace
Ses! Deveiopnrent

3840 °F Furmnmsce Tests

e Bonpareh Con cosremdds

21



b AU G
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- Design Altribudes: gt poxsh | oigmton
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- Design Considersiions: o eoRonmERy
s 4
e

- Referenca:
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Bralded FHope Seals

o Prigr A Volsl laef segls
- Design Atrbules:

ingant

image here
- Design Consideralions:
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. Thioko! Selecis NASA GRC Thermat Barrier
?@a’ ﬁ%m é@am R@sﬁ@ssgﬁ

R CHEHERE WAl
i = Thicko! experiences msmes: Ew" gas effects in RERN noezzie-folnts inading to extensive
; rencieves batore TRORE.
| w Therny thermal bovrier braided of carbom fiber has shown outstanding ability ‘o prevent kot
{B50TF) gas Trom effecting downstrears O-2ings In multiple sub- and Tull-scale RSP tests.

| Pedesigned RERN Nozrie te-Caee Joint

BRE SEMF Flame Yost

Thicko! hes selected BRC theraw! barvier or Rozzledo-Gase Jolnt redesign
and qualifying performance for Joint Humbers 1,2, & 6.

B4 Cown Ressinth Centee wremd s

MARA Glenn Carbon Fibar Rops Thermsd Bamier
Full Scale Shultle Solid Rmﬁs@i Motor Static Tesis

'%"**a?@ﬁm& ﬁi‘aﬁ?&%&e
imxag%zgm@ fezsibility of new jolnd Solid Rookel Wskon
designs

Wi carbon Foar rope ICFR) thermsd
i protect Yiton Oing sesls in ullocsle
sotid rocket motors

Fufl soale motor fests

1 GER
ZOFRE
ZOFR
RCFR
1 OFR

o CFR

* Rephsee BTV with OFR
ad Saul

Soledule ¢ "
FEM-2  Wey 24, 2081 Bucensshfly demonsiraied OFR in noming jpind :
ETH-2  November 1, 2087 Exemine fawed & nowdnal jolnt with CFR

b T Remaanets Covser A8




Elegant Solution: Carbon Fiber Rope Themmal Barisr
im@gsmmmwé

of ik a1 the therme! basier

ot 8 compound

| Curvant Dasign |

> Blocks heat end combustion products from entening nozzle joints

(< Enables solid rocket motor joint sssembly in significardly less time

i {epprodimately 16t tme) 85 compared o the current joint 8l compound
: approach

o Shnplifiss pint-assembly and reproducibiiity.

> Final guslifying full scale motor fest Novembar, 2002

commence assembling in RORM: First Quarter VG2
; HASE, Gt Rewrds Cemer a4
1 ok Too - J— e
%.
Structural Seals: Advanced Test Fixtures :
Iy
Hemomeds Useiny £
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Systors Components

- TS Bodsl 318.25 Servohydraviic Losd Frame
-~ 55 ki load frame
- 33 %, € . sivoke achuainy
- 220 B, 3300 1 load celis
- 3.5 %ip shgnment atave
- 4% g HPL
~ Tt servonehres 19 govn, 95 o
~ TestStar %5 confrolier

- ATS Sertes 3350 Qustom Box A Furnace
~ Tewparatures up to 3005°F (143 580
- Wil Super 33 MoBl, ealing elemrents
- arge working wolime (T Wr W D 1874
~ Front and beck beding dowrs 5 op pord
- Adinsiebie eey slionmed Taturing

2w SREiE

- Rats Laserifike insiliscan 55 Extensomer
-~ Hpmeoniect Class ¥ ieser axiersomelnr
- 5%, o 2 B, RmSIRTR FRngH
— #5255 wmil securacy
- 0 seansis

ot object fter

ARB, e Reronsed Ceeies
SedTave

Hot Compression / Sorub Seal Testing Rig Overview
e %) NN EE

Byramis

Load
Frogne

1 Exinnso- i

Ly

mater

S Load

Calis

. Alignraant
Fhture

3 2

Purposs
New g will permit messurement of seal
ioad ve. linear compression, pralogd,

& shiffress By various test condiions:

-~ Tempsrature

- Domprassion kel

- inading rate

-~ Load cyciing vs. siress relgration

Lapabiities
Tewparaiurms up o °
Loads upto 7
Stroke rates from
Sest lengths uplo
< Seat dismelers up o T in.
v Variely of leadling waveforms

c  Cyoling (sine wave, sawiooth, user-

defined profies)
+ Blwess reloxation

ohh K

framordly Tppemy

Hot Comprassion Rig Delalls

ShimwiTAC

dure (SHD

csanP &




Hot Compressinn Rig Details: Laser Fm%@m@%@?
o H Y

- Laser extensometer will perll very accurats, high lerperahye, non- .
woniact measuremends of seal cormpression lsvel ;
- Toisl dispiscament = Flag gap ¢ - Flag gep &)

2in. Lassy

Sampie Fla Boundary of 2 .
“Bhest” g 55 ‘

; izser Shest

Cz&z:;ﬁossé@s Bignal
annsn®R §

A H R B HR

Purpose
Mew rig will permil measurement of wear
rates and frickions! loads for various test
corgdifions:
~ Temperetum
- Compression level
~ Shoks rete and nurnbes of cycles
; -~ Rub surface conditons (matarial,
i roughness, surdface profie)

Ca@&@f iHes
Temparahres up o

4

4 hm& g o 300

v » 2t rates fom
Eﬁﬁaﬁ @ﬂgﬁ‘ss’» g 3

v Sest diam%fs u;s el

< Gaps from O i, S
v Namsly of cycic loading w@gef@m {sine
wmve, savdooth, userdefingd profiles) -
¢ Pre- & postsoni fliow testing Fhutare
Anchors

s Bsomety Cestas spuenBE T




Hot Compression / Borub

Seat Testing Rig

T

Pumposs
Arviiert Tow Briure permils e and
posbsond Aow svalualions of
cardideie seals
~  Flowissling o 3000°F prohibithvely
Design mininies darmape dus o
undisfuwrhed botesen o fost and

i

|

¢

H

i

H

§

SASA Stenn Ressier Unaiee 52 ;
2 H

Hot Scrub Rig Delsils: Pre- and Post-Scrub Flow Testing

ENE NN

Seal Borub

T beshy

cifferarnt testing aondions

» Vet guees oy

» Flow redes - 3
s Progsyres. §-
= Cap seftings O 1in

AR




Purpose
Combingd seal flow and sond tesls will
be performed In new ambient test dg. Flow
rates through sesls will be meastrad for
warous fest condiions:
- Senbdoydle darmage
- Cornpression vat
~ Gapsize
-~ Rub surface condiions (mafsrdal, surface
roughness, suriacs profils)
~ Seordb dipciion fe.g., irmnsverse vs,
wiping

AR e Rewares Comer comoedoll
Tewmm,

Ambient Sorub & Flow Testing Rig Overview {pont.)

R

Capsbilities
Midiiple seal geomatrissicorfigurstions
Seai longihs upis
Scrub rales up fo
Serub loads up o
Sooke up o 12
Active {preurmslic) or passive (Belleville
washers) sezl prefoad monltoring system
Rultiple scnd divections [cartridge can e Sl m &
roteted) e

" Variety of wib surface condiions sy
Test gas:
Flowe raftes up o 3
Pragsures range

{dctional inads) Sctatar

ONR SRR

%l\

&,

R K

comonmdiz
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»  Mon-cortecting seals capeble of low lzakage vy long life minimizing

mainiensnes cosls
- Foil Face Fline-Riding Sesls: Murson o gl
- Corgplard Foll Begls: Salebi ¢t a)

- Agdive clearance control fo avoid blade-fo-shroud rubs

-~ Slow sxhayust gas emporaturs {EGT) vise thareby noressing engine vm-on-wing
-~ Mainain turbine angive efficlency and decrease spacific fud consurmption
~ inorease sngine pedformsnce
» Corvnercial enging: range sod pavioad
% Conlribule fo mesting NASHA's uubine based condined oyche acoess Is spece
goal

Futire Space Yebicle Syslems
- Vigh lemperabae (>2000'F), resitlent, mufti-use seals required for fufure highly
reusabie vehiclas
~  Hot CRIC control swiaces (a.g. Crew relen vebhicls - X-38, othed)
- RemiBSorawdet propilsion syslers for idire single and ten stage to orbi bunch
velicias concepts

AEA Thsan Rewered Ussisr
e ien

i
i

= Beals iechnology recognized as oritical in mesting next

generation asre- and space propuision and space vehicle
aystem goals

- Performance

~ Efficiency

-1 fe/Reusability

- Safely

-~ sk

= NASA Glenn is developing ssal technology andfor
providing lechnical consuliation for the Agency's key
aero- and space advanced technology deveiopment
DYDETEMmE.
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Haown Remosmch ey

NASA Glenn SealsiSecondary Alr Flow Workshop
% e s
Prafiminary Agenda:
= Dverview and Program Nesds
» Recent Ssalsi@econdary Alr Managewent Developments
-~ Praseretions on Specific Sesl Developments:
Brush, Finger;, Hir, Faee; Foll; Abradeble; Tip, Sislic Seals
- Matedal Dowlopments
- Space Vehivle Seals
~ Redated Topics
» Tour of Facliies
Date: Cetober 33-24, 2882
Localion: HARA Glenn Fessarch Ganler,
Ohilo Aerospace Audlorium {outside NABA's back gale}
inviiaiion Provide me Business Card i you desive Invitation
i Open to U8, Cltizens Only and Permanent Logal Residenis :
B2

Ly

o



MASA Seanis Web Sites

» Turbine Sea! Development
bito: feena T nEsa. gov AN TurbineBSeal/ TurbineSeal. homid
NASA Technical Papsers
Workshop Proceadings

= Structural Saal Development

Wit werw . gre.nass. ool istructuraiseal
HASA Technicyl Papers
Discussion

NARA G Bopomch Teger
T

- Use bullsts/sub-bulist masier template that | staried
- Use consistent font and o size for aff chart ttes.
- irmert movie fles whers indicated

< Cudput
~ Power point preserdstion wimovies smbeddsd
— THD {(~25-40) B&YW hand out pages {2 slides per page}
- 1 set Color viewgraphs {as back-up In case prolecior falls

Gipom Lrveageh Comtee
S,

Lpd

onnh,



Fiow Faclor

MLl

& m.ﬁ’m-% 48%.85 Ebm—ﬁ@%;”ﬂ

Py Dogat its
where
F Alr loakage flow rate, Ibmisec
Yavg Averags seal alr inlel temperaturs, °F
Py Alr pressure upsiream of ssal, paia

Beest Dutside dismeter of the ses! rotor, in.

MABA Gleos Rescrcs G cpanad® 7
References

AL U AN

HATA e R Centes #4




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



